WHAT IS CLAIMED IS: 

1 Nl . A process for sensor obscuration analysis, implemented via a programmable 

2 machine, tfte process comprising: 

3 animatirie a three-dimensional visualization of a satellite that includes a sensor 

4 object, the sensorVbject having a boresight and a sensor pattem; 

5 selecting a view perspective from the sensor object along the boresight; 

6 selecting objects of a satellite system analysis scenario that are capable of causing 

7 obscuration; \ 

....8 assigning a first cmor to the selected objects, while assigning a second color to 

hri9 unselected objects and background of the satellite system analysis scenario; 

nio\ assigning a third color to the sensor pattern, such that, when the sensor pattern is 

Q|Lr N superimposed over a visual display of the satellite system analysis scenario, portions of the 

;U 2 ^ sensor pattem that overlap with un^lected objects and background appear in a different 

J^f 3 color than do portions of the sensor pSattem that overlap with selected objects; 

jj|4 counting and recording the quantities of pixels of each color in the sensor pattem, 

: i'l \ 

1 5 the coimting and recording being carried Cut at each time step of animation of the satellite 

16 system analysis scenario; ' \ 

1 7 providing a graphical display to a user, during the animation, portraying the 

1 8 amount of obscuration of the sensor pattem, and source of obscuration of the sensor 

19 pattem, over a predetermined time period; and \ 

20 calculating the percentage of obscuration over said predetermined time period on 

21 the basis of the recorded pixel quantities, the calculated percentage of obscuration being 

22 displayed to a user. \ 
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2. The process for sensor obscuration analysis of claim 1, the process further 
comprising: 

islating a projection of the sensor pattern so that the sensor pattem is projected 
from edges of the sensor object. ^ 

3. The pro^K^ess for sensor obscuration analysis of claim 1 , wherein the graphical 
display and the displa^d calculated percentage of obscuration is used for planning 
missions to avoid sensing^ctivities during periods of excessive obscuration, 

4. The process of sensor obscuration analysis of claim 1, wherein the graphical 
display and the displayed calculated percentage of obscuration is used for planning 

f\ missions to schedule maneuvers to eliminate or reduce obscuration. 

5. The process of sensor obscuratiork analysis of claim 1, wherein the graphical 
^display and the displayed calculated percentage^ obscuration is used for the purpose of 

determining whether re-positioning of objects attacl^ed to the satellite can eliminate or 
reduce obscuration. 

6. The process of sensor obscuration analysis of claim 1, wherein the counting and 
recording of pixels is carried out such that pixels near the edge^of the sensor pattem are 
given a reduced weight to compensate for the fact that a display screen of the 
programmable machine is flat, while the sensor pattem is spherical, 

7. A method of analyzing sensor obscuration using a satellite s^^stem analysis 
program having aiumated-tbrseHdimensional visualization of a satellite that includes a 
sensor object, the sensor object having a boresight and a sensor^attenTTttt^-^ethod 
comprising: 
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^^cting a view perspective from the sensor object along the boresight; 
selecting objects of a sateUite system analysis scenario that are capable of causing 
obscuration; 

assigning a first color to the selected objects, while assigning a second color to 
unselected objects and background of the satellite system analysis scenario; 

assigning a third coloi;^ the sensor pattern, such that, when the sensor pattern is 
superimposed over a visual display of the satellite system analysis scenario, portions of the 
sensor pattem that overlap with unstelected objects and background appear in a different 
color than do portions of the sensor pattem that overlap with selected objects; 

counting and recording the quantities of pixels of each color in the sensor pattem, 
the counting and recording being carried out\t each time step of animation of the satellite 
system analysis scenario; 

providing a graphical display to a user, duriW the animation, portraying the 
amount of obscuration of the sensor pattem, and sourc^ of obscuration of the sensor 
pattem, over a predetermined time period; and 

calculating the percentage of obscuration over said p^determined time period on 
the basis of the recorded pixel quantities, the calculated percentage of obscuration being 
displayed to the user. 



jnethod of analyzing sensor obscuration of claim 7, the method further 

comprising: 

translating a projection of the sensor pattem solhat^ho^nsor pattem is projected 
from edges of the sensor object. 
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9. The method of analyzing sensor obscuration of claim 7, wherein the graphical 
display and the displayed calculated percentage of obscuration is used for planning 
missions tbvavoid sensing activities during periods of excessive obscuration. 

10. The meihqd of analyzing sensor obscuration of claim 7, wherein the graphical 
display and the displayeofealculated percentage of obscuration is used for plarming 
missions to schedule maneuvei^sto eliminate or reduce obscuration. 



1 1 , The method of analyzing sensor obscuration of claim 7, wherein the graphical 
display and the displayed calculated percentage of obscuration is used for the purpose of 
determining whether re-positioning of objects att^is^ed to the satellite can eliminate or 
reduce obscuration, 

12. The method of analyzing sensor obscuration of cl^m 7, wherein the counting 
and recording of pixels is carried out such that pixels near the edge^ofthe sensor pattern 
are given a reduced weight to compensate for the fact that a display screer^^is flat, while 
the sensor pattem is spherical. 

A computer program product for enabling a computer to perform analy^s of 
sensor obscuratioiu the computer program product comprising: 

software instructions for^naWing the computer to perform predetermined operations, and 
a computer readable medium embodj^ingthe software instructions; 
he predetermined operations comprising: ^v,^^ 

animating a three-dimensional visualization of a safeU^te that includes a sensor object, 

the sensor object having a boresight and a sensor pattem^v 
selecting a view perspective from the sensor object along the boresight; 
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9 selecting objects of a satellite system analysis scenario that are capable of causing 

10 Nobscuration; 

1 1 assignmg a first color to the selected objects, while assigning a second color to 

12 iinselected objects and background of the satellite system analysis scenario; 

1 3 assigning a tn^d color to the sensor pattem, such that, when the sensor pattem is 

14 superimposed over a visual display of the satellite system analysis scenario, 

15 portions of the sensw pattem that overlap with unselected objects and background 

1 6 . appear in a different colbr than do portions of the sensor pattem that overlap with 

17 \\ ^ \ selected objects; \ 

=j31 » I counting and recording the quantitiessof pixels of each color in the sensor pattem, the 

9 counting and recording being carried\ut at each time step of animation of the 

,^^0 satellite system analysis scenario; \ 

^il providing a graphical display to a user, during thesanimation, portraying the amount of 

obscuration of the sensor pattem, and source of ooscuration of the sensor pattem, 

423 over a predetermined time period; and \ 

J^4 calculating the percentage of obscuration over said predetermined time period on the 

25 basis of the recorded pixel quantities, the calculated percentage of obscuration 

26 being displayed to the user. \. 

1 K 14. The computer program product of claim 13, the prgdetefmme^^ 

2 M \ further comprising: ^ 

3 ^^-^ translating a.projj^ctityrTof the sensor pattem so that the sensor pattem is projected 

4 object. 
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N15. The computer program product of claim 13, wherein the graphical display and 
the displayed calculated percentage of obscuration is used for planning missions to avoid 
sensing activitie^x^uring periods of excessive obscuration. 

16. The computCK^rogram product of claim 13, wherein the graphical display and 
the displayed calculated percet^age of obscuration is used for planning missions to 
schedule maneuvers to eliminate o^educe obscuration. 

17. The computer program product of claim 13, wherein the graphical display and 
the displayed calculated percentage of obscuration is used for the purpose of determining 
whether re-positioning of objects attached to tti^ satellite can eliminate or reduce 
obscuration. 



1 8. The computer program product of claim 1 3>Avherein the counting and 
recording of pixels is carried out such that pixels near the edge of the sensor pattem are 
given a reduced weight to compensate for the fact that a display screen of the 
programmable machine is flat, while the sensor pattem is spherical. 

^9. A sensor obscuration analysis computer program product, which has a 
computer pro^i?a^n stored on a machine-readable medium, the computer program 
comprising: 

an animation code segm^ht^roviding for animated three-dimensional visualization 
of a spacecraft having a sensor object^^ttibs^er^or object having a boresight and a sensor 
pattem; 

a perspective selection code segment providing^fietr a visualization view from the 
perspective of said sensor object, along said sensor object's bdbe^ight; 
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9 \ ^ selection code segment that enables selection of obscuring objects to be taken 

1 0 into account in the obscuration analysis; 

11 a sini^ification code segment that simplifies visual display provided by said 

12 animation code semient to show the selected obscuring objects in a first color and show 

13 unselected objects ancT^ackground in a second color; 

14 a distinguishing code segment that assigns a third color to portions of the sensor 

15 object's field of view that are obscured by the selected obscuring objects and a fourth 

16 color to those portions of the sensor object's field of view that are not obscured, to thereby 
17^ distinguish obscured portions of the sensor object's field of view fi*om unobscured 

;J3l|SVp^ portions of the sensor object's field of vi^w; 

^ a quantifying code segment that cou^ and records a quantity of pixels 

,=S0 corresponding to obscured portions of the sensor object's field of view at each of plural 

./2l animation time steps, and that counts and records Xauantity of pixels corresponding to 

nfe2 unobscured portions of the sensor object's field of view at each of the plural animation 

::|S3 time steps; and \ 

•iLJ \ 

'=*24 a results code segment that calculates, based on the quantities of pixels counted 

25 and recorded by said quantifying code segment, and reports to aVser percent obscuration 

26 of the sensor object's field of view over a predetermined time period. 

1 20. TTie"^ensor-obscm:^ion^al^ computer program product of claim 19, the 

2 l\ computer program further co^prising^ y — 

3(M^ -Ny^ a projection code segment that^rdjects said sensor pattern from edges^ots^id^ 

4 ^^^^ensor object. 
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21. The sensor obscuration analysis computer program product of claim 19, said 
obscuring objects being selected from the group consisting of: said spacecraft, protrusions 
from saioSpaoecraft, a^en^l b&^y about which said spacecraft orbits, and celestial 
bodies. 

22. Thev^ensor obscuratioVanalystspiE^mputer program product of claim 19, said 
distinguishing code segment includrng<5ode for detenhiamig portions of the sensor object's 
field of view that are obscur^d^ the selected obscuring objects1>y^omparing said sensor 
pattern with the selected obscuring objects. 

^3. A propagated signal for use in sensor obscuration analysis, the signal being 
propagatedNna a data transmission medium, the propagated signal comprising: 

an animation signal segment providing for animated three-dimensional 
visualization of a spab^craft having a sensor object, the sensor object having a boresight 
and a sensor pattern; 

a perspective selection^gnal segment providing for a visualization view from the 
perspective of said sensor object, ^ng said sensor object's boresight; 

a selection signal segment that'bnables selection of obscuring objects to be taken 
into account in the obscuration analysis; 

a simplification signal segment that sim^ifies visual display provided by said 
animation code segment to show the selected obscuWg objects in a first color and show 
imselected objects and background in a second color; 

a distinguishing signal segment that assigns a third ^lor to portions of the sensor 
object's field of view that are obscured by the selected obscurink objects and a fourth 
color to those portions of the sensor object's field of view that are nbtj obscured, to thereby 
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11i§tinguish obscured portions of the sensor object's field of view firom unobscured 
portionsW the sensor object's field of view; 

a quantifying signal segment that counts and records a quantity of pixels 
corresponding to obscub^d portions of the sensor object's field of view at each of plural 
animation time steps, and^ti^>counts and records a quantity of pixels corresponding to 
unobscured portions of the sensor'ofejTeQt^s field of view at each of the plural animation 
time steps; and 

a results signal segment that calculates, based oh<the quantities of pixels counted 
and recorded by said quantifying code segment, and reports to aM^er percent obscuration 
of the sensor object's field of view over a predetermined time period. 



24. The propagated signal for use in sensor obscuration ai^ysis of claim 23, the 
propagated signal further comprising: 

a projection signal segment that projects said sens9r^ pattern fi-om edges of said 
sensor object. 

25. A computer system adapted to analy:^/ sensor obscuration, comprising: 
a processor, and 

a memory including software instpfctions adapted to enable the computer system 
to perform operations comprising: 

animating a three-dimensional Visualization of a satellite that includes a sensor object, 

the sensor object having^ boresight and a sensor pattern; 
selecting a view perspeclive from the sensor object along the boresight; 
selecting objects of a^satellite system analysis scenario that are capable of causing 

obscuration; 
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assi^i^ng a first color to the selected objects, while assigning a second color to 
unselected objects and background of the satellite system analysis scenario; 

assigning a thn;^^lor to the sensor pattern, such that, when the sensor pattern is 
superimposed over a visual display of the satellite system analysis scenario, 
portions of the sensbrpattem that overlap with unselected objects and background 
appear in a different colo!;^than do portions of the sensor pattern that overlap with 
selected objects; 

counting and recording the quantities\f pixels of each color in the sensor pattern, the 
Vl^ counting and recording being carried 6^t at each time step of animation of the 
satellite system analysis scenario; 
providing a graphical display to a user, during th^sanimation, portraying the amount of 
obscuration of the sensor pattem, and source of obscuration of the sensor pattern, 
over a predetermined time period; and 
calculating the percentage of obscuration over said predeteAiined time period on the 
basis of the recorded pixel quantities, the calculated percent^e of obscuration 
being displayed to the user. 




--^26/rhe computer system adapted to analyze sensor obscuration of claim 25, said 
software instructions includedlnTheTiaemQQ^^b^^ further adapted to enable the computer 
system to perform operations comprising: --...^^^^^ 

translating a projection of the sensor pattem so that the sensor pattem is proj^ete^^ 
from edges of the sensor object. 

27, Apparatus for analvzing ^nsgr obscuration using a satellite system analysis 



program having animated three-dimjen^onal visualization of a satellite that includes a 
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sqisor object, the sensor object having a boresight and a sensor pattern, the apparatus 
comprising: 

means for selecting a view perspective from the sensor object along the boresight; 

means for selecting objects of a satellite system analysis scenario that are capable 
of causing obscuration; 

means fo^^^signing a first color to the selected objects, while assigning a second 
color to unselected objects and background of the satellite system analysis scenario; 

means for assignif^ a third color to the sensor pattern, such that, when the sensor 
pattern is superimposed ove\ajvdsual display of the satellite system analysis scenario, 
portions of the sensor pattern u^t ovferlap with unselected objects and background appear 
in a different color than do pprtioi\s o|)4il6^ sensor pattern that overlap with selected 
objects; 

means for counting knd recording \he quantities of pixels of each color in the 
sensor pattern, the counting andVecording^being carried out at each time step of animation 
of the satellite system analysis^cenario; 

means for providing a gr^hical displaj^to a user, during the animation, portraying 
the amount of obscuration of the sensor pattern, a\d source of obscuration of the sensor 
pattern, over a predetermined time period; and 

means for calculating the percentage of obscura^on over said predetermined time 
period on the basis of the recorded pixel quantities, the caJs^ulated percentage of 
obscuration being displayed to the user. 



1 28. The apparatus for analyzing sensor obscuration of claim 27, further 

2 comprising: 
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\v means for translating a projection of the sensor pattern so that the sensor pattern is 
projected fr&m^ges of the sensor obj^t. 

29. The apparatus for-an^lj^lig sensor obscuration of claim 27, wherein said 
means for counting and recording OMTJcel^operates such that pixels near the edge of the 
sensor pattern are given a reduced weight to^ompensktc^r the fact that a display screen 
is flat, while the sensor pattern is spherical. ^""^.^^^^ 

SO, A method of upgrading a satellite system analysis program that performs 
animated thfi^-dimensional visualization of a satellite, the satellite having a sensor object, 
the sensor objecNmving a sensor pattern and a boresight, the method comprising: 

supplementingsflie available view perspectives for the satellite system analysis 
program so as to include asview from the sensor, along the boresight of the sensor; 

supplementing the satellite system analysis program wdth a code segment that 
enables a user to select objects to\e taken into account for analysis of obscuration of the 
sensor pattem as viewed along the botesight of the sensor; 

supplementing the satellite system, analysis program with a code segment that 
simplifies visual display, as viewed along thesboresight of the sensor, to show selected 
objects in a first color and unselected objects ana^ackground in a second color; 

supplementing the satellite system analysis pmgram with a code segment that 
assigns colors to a representation of the sensor pattem of n^e sensor object, so as to 
distinguish those portions of the sensor object's field of view ttiat are obscured by selected 
objects from those portions of the sensor object's field of view that are not obscured by 
selected objects; \ 
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supplementing the sateUite system analysis program with a code segment that 
:ounts and records the quantity of pixels corresponding to obscured and unobscured 
portions oiftie^^ensor object's field of view at each of plural animation time steps; and 

supplementing m&^s^tellite system analysis program with a code segment that 
calculates, based on recorded quantitieS^efLgixels corresponding to obscured and 
unobscured portions of the sensor object's field of view^af^^ch of plural animation time 
steps, an obscuration percentage over a predetermined time period, the>esults of the 
calculations being reported to a user. 

StxTTie^ of upgrading a satellite system analysis program of claim 30, 
wherein the objects^ be taken into account for obscuration analysis are selected firom the 
group consisting of: the satdlite, protrusions fi-om the spacecraft, the central body about 
which the satellite orbits, and celesliai bodies. 

A, 32. The method of upgrading a satellife^stem analysis program of claim 30, the 
ethod further comprising: 

supplementing the satellite system analysis program a translation option for 
the sensor object that projects the sensor pattern from the edges of mfev^ensor object. 

33. A computer program product for enabling a computer to upgrade a s^llite 
system analysts-program that performs animated three-dimensional visualization of a 
satellite, the satellite having a seiis€n:object, the sensor object having a sensor pattern and 
a boresight, the computer program product compftsk 
software instructions for enabling the computer to perform predeteTmioed operations, and 
a computer readable medium embodying the software instructions; 
the predetermined operations comprising: 
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suppifementing the available view perspectives for the satellite system analysis 

program so as to include a view from the sensor, along the boresight of the sensor; 

\ 

supplementing the satellite system analysis program v^th a code segment that enables 
a user to select objects to be taken into account for analysis of obscuration of the 
sensor pattem viewed along the boresight of the sensor; 
supplementing the sat^lite system analysis program with a code segment that 
simplifies visual dispay, as viewed along the boresight of the sensor, to show 
selected objects in a first^ color and unselected objects and background in a second 
color; 

supplementing the satellite syste^n analysis program with a code segment that assigns 
colors to a representation of thd sensor pattem of the sensor object, so as to 
distinguish those portions of the sensor object's field of view that are obscured by 
selected objects from those portions\pf the sensor object's field of view that are not 
obscured by selected objects; 

supplementing the satellite system analysis ^ogram with a code segment that counts 
and records the quantity of pixels corresponding to obscured and unobscured 
portions of the sensor object's field of view at\pach of plural animation time steps; 
and 

supplementing the satellite system analysis program wkh a code segment that 

calculates, based on recorded quantities of pixels corresponding to obscured and 
unobscured portions of the sensor object's field of vieMr\at each of plural animation 
time steps, an obscuration percentage over a predetermineiij time period, the results 
of the calculations being reported to a user. 
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\34. The computer program product for enabling a computer to upgrade a satellite 
system an^sis program recited in claim 33, wherein the objects to be taken into account 
for obscuration analysis are selected from the group consisting of: the satellite, 
protrusions from the spacfec^ft, the central body about which the satellite orbits, and 
celestial bodies. 

35. The computer program product ibi;enabling a computer to upgrade a satellite 
system analysis program recited in claim 33, the preofet^rmined operations further 
comprising: 

supplementing the satellite system analysis program with a translaticm option for the 




sensor object that projects the sensor pattem from the edges of the senSo^bject. 
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